An 1 1 -month-old Holstein calf experimentally infected with bovine immunodeficiency-like virus (BIV) developed T-cell lymphosarcoma 5 months postinoculation, concurrent with progressive monocytosis. Tumors were found in the thymus, multiple lymph nodes, and brain. Tumor cells were CD2+, CD4-, CD8-T cells. Infectious BIV could be recovered from splenic tissue and blood mononuclear cells. Bovine leukemia virus was not present. Because this calf was part of an ongoing experiment on the pathogenesis of BIV infection, immune function data were also available both before and after lymphosarcoma developed. Neutrophil and monocyte function were normal, but lymphocyte blastogenesis was enhanced before the development of lymphosarcoma. Follicular hyperplasia in lymphoid tissues was also seen. This case raises the possibility that BIV infection may cause or be associated with some cases of atypical T-cell lymphosarcoma, without evidence of immune suppression at the time of tumor onset.
Bovine immunodeficiency-like virus (BIV) is a lentivirus of cattle that shares some characteristics with the immunodeficiency-causing lentiviruses: human immunodeficiency virus-1 (HIV-l), feline immunodeficiency virus (FIV), and simian immunodeficiency virus. Lentivirus-associated lymphomas have been recognized in humans, nonhuman primates, and
In cattle, there is a clear association of bovine leukemia virus (BLV), an oncogenic retrovirus, with multicentric lymphosarcoma in adult cattle; however, no tumors have been described in conjunction with the lentivirus BIV. An increased incidence of lymphosarcoma has been observed in some herds with BIV; however, these herds were also reported to be infected with BLV.IoJ2 In this report, we describe a case of multicentric T-cell lymphosarcoma in an 1 1 -month-old calf experimentally infected with BIV but known to be negative for BLV.
A male Holstein calf (No. 346) was inoculated intravenously at 6 months ofage with 1.8 x lo4 syncytium-forming units of the R29 isolate of BIV. This animal was part of a long-term study on the pathogenesis of BIV in experimentally infected cattle. The details of experimental inoculation, control animals, and methods for clinical evaluation have been previously described.2.b This animal was evaluated twice each month, starting at 4 months postinoculation (PI), for total and differential white blood cell counts, neutrophil function, monocyte function, mononuclear cell subset analysis (CD4, CD8, CD6, CD2, and markers for B cells, monocytes, and y6 T cells), and lymphocyte blastogenesis to mitogens. These assays have been previously d e s~r i b e d .~,~,~ Lymphocyte blastogenesis data was available only until day 1 15 PI. The presence ofinfectious BIV in cells and tissue samples was detected by cocultivation with fetal bovine lung (FBL) cells.2,8 Virus isolation from peripheral blood mononuclear cells (PBMC) was attempted at 2, 6, 8, 16, 18, 27, and 29 weeks PI, and virus isolation from monocytes was attempted three times, at 17, 18, and 29 weeks PI.
At 23 weeks (160 days) following inoculation with BIV, systemic enlargement of lymph nodes was observed in Calf No. 346. A diagnosis of lymphosarcoma was made by lymph node biopsy. Prior to the detection of the tumors, an absolute monocytosis was detected by flow cytometry and confirmed by nonspecific esterase staining. Monocyte numbers progressively increased from day I12 to day 190 PI, at which time 55% of mononuclear cells were monocytes. The calfs condition deteriorated over the next month, and the calf died at 29 weeks (203 days) PI. BIV was detected in purified monocytes isolated from whole blood collected on the day of death but not from blood collected at the two previous intervals. However, BIV had been consistently isolated from PBMC at each attempt following infection. PBMC were negative for BLV and bovine syncytial virus at all times prior to and following experimental infection with BIV.
A necropsy was done immediately after death, and tissues were collected for histopathologic, immunologic, and virologic studies. For light microscopy, tissue samples were fixed by immersion in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 pm, and stained with Harris's hematoxylin and eosin.
At postmortem examination, a gray-white subcutaneous mass approximately 15 x 15 x 20 cm was present in the caudoventral cervical region. The mass extended through the thoracic inlet into the thoracic cavity for a distance of 4 cm. Upon incision, bands of white fibrous connective tissue divided the mass into irregular lobules. Multiple foci of caseous necrosis, or necrosis with hemorrhage, up to 3 cm in diameter were randomly distributed within the tumor. Dorsally, the mass was concave and caused compression of the trachea and esophagus. Carotid arteries in the caudal cervical region were embedded within the mass, andjugular veins were compressed laterally. This mass was presumed to be a thymic tumor.
The thorax contained approximately 5 liters of clear amber fluid and a few fine strands of fibrin. Paired lymph nodes, including parotid, mandibular, retropharyngeal, superficial cervical, and superficial inguinal nodes, were symmetrically enlarged to 5-10 times normal size. Thoracic and abdominal nodes ranged from normal size and appearance to 20 times normal size for some mesenteric nodes. Variable enlargement and pallor of hemal nodes was also found in the subcutis, thorax, and abdomen. A cluster of enlarged hemal nodes occurred in the subiliac region. Plaques of gray-white tissue were found in the frontal sinuses and on the ventrorostral dura mater extending caudally to the hypothalamic area. Small areas of atelectasis were present in anteroventral lung lobes. Liver, spleen, and bone marrow were unremarkable.
Microscopically, the thymic mass was composed of sheets of lymphoid cells with slight to moderate amounts of lightly eosinophilic cytoplasm (Fig. 1) . Cytoplasmic borders were usually indistinct in compact areas, and the cells were round to oval with distinct cytoplasmic borders at the periphery where invasion of adipose tissue occurred. The majority of cells were 8-10 pm in diameter and had round to oval, darkly staining nuclei with clumped chromatin. Mitoses were variable and ranged from none to six per high-power field. Fibrous connective tissue stroma vaned from fine trabeculae to thick bands. Foci of necrosis and hemorrhage were irregularly distributed in the mass. Tumorous lymph nodes (Fig.  2) and hemal nodes were composed of diffuse sheets of large lymphocytes comparable to those in the thymic mass. Similar neoplastic cells were in the mucosa of the frontal sinuses and cerebral meninges. Residual pituitary acidophils were identifiable among the neoplastic lymphoid cells in part of the meningeal mass. Follicular hyperplasia was common in lymph nodes and hemal nodes not effaced by tumor and in other lymphoid tissues including spleen, bronchus-associated lymphoid tissue, and gut-associated lymphoid tissue. Subepithelial lymphoid follicular hyperplasia causing obstruction of bronchioles was found in areas of pulmonary atelectasis.
Tumor samples collected at necropsy were analyzed by flow cytometry, and the predominant cell type present in lymph node tumors was phenotypically identified as a CD2 +, CD4-, CD8-lymphocyte. Very few cells with this phenotype were found in the blood, indicating the absence of leukemia with this lymphosarcoma. Circulating atypical lymphocytes were not detected by microscopic examination.
Various tissue samples collected at necropsy were analyzed for infectious BIV and BLV by cocultivation of tissue ho-mogenates with FBL cells. BIV was recovered from the spleen; all other tissues were negative for both BIV and BLV.
Bovine lymphosarcomas are generally classified into four groups: multicentric lymphosarcoma associated with BLV infection in adult cattle, adult cutaneous lymphosarcoma, calfhood multicentric lymphosarcoma, and calfhood thymic lymphosarcoma. This case of lymphosarcoma does not fit well into any of these classic syndromes. The calf was older than generally seen in the calfhood multicentric form, and liver, spleen, and bone marrow were not involved. Unlike the usual thymic form, numerous lymph nodes posterior to the diaphragm were also infiltrated. This case also does not fit the recently described familial form of thymic lymphosarcoma, in either the pattern of tumors or in the cell type i n v o l~e d .~ This case, therefore, raises the possibility that BIV infection may, like HIV-1 and FIV infection, predispose animals to the development of atypical lymphosarcomas.
The mechanisms responsible for the development of lymphomas in lentivirus-infected animals and humans are unclear. A recent report raises the possibility that HIV may directly induce oncogene expression in a subset of lymphomas;y whether this mechanism occurs in BIV or other lentiviruses is currently unknown. Immunosuppression and the failure of immune surveillance may also contribute to the induction oftumors by lentiviru~es.',~ Chronic immune stimulation may also predispose to the development of mutations in immune
In this animal, immunosuppression apparently was not a major cause of tumor initiation, although it may have developed later as a consequence of the tumors. Lymphopenia and reduction of all lymphocyte subsets were seen at day 190 PI; however, there was no evidence for immunosuppression before the development of tumors. A slight decrease in y6 T cells and B cells was seen on day 1 12 PI, prior to the onset of clinical signs; the significance of this decrease is unknown. Immune function parameters measured included neutrophil function, monocyte function, and lymphocyte blastogenesis. All neutrophil and monocyte func-tion tests in this calf (including tests of phagocytosis, migration, and cytotoxicity) were normal both before and after the onset of clinical signs. Lymphocyte blastogenesis, however, increased in response to phytohemagglutinin, pokeweed mitogen, and/or concanavalin A on all dates examined. There was no evidence of opportunistic infections. In this calf, therefore, chronic immune stimulation may be a more likely contributor to the development of lymphosarcoma. Follicular hyperplasia seen in early stages of BIV infection in this and other cases,2J1 and enhanced lymphocyte blastogenesis lend support to this hypothesis. In a parallel case, a young cat experimentally infected with FIV developed a multicentric B-cell 1ymphosarcoma.I The tumor was presumed to have arisen as the result of B-cell activation during FIV infection. Similarly, lymphosarcoma in the calf in this report could potentially have originated from a T cell infected or activated by BIV. The target cell(s) for BIV is currently unknown, although virus can be recovered from unfractionated mononuclear cells and from isolated monocytes. It is intriguing that, in this calf, tumor cells were immature T cells, with a CD2+, CD4-, CD8-phenotype.
The atypical nature of this lymphosarcoma, the absence of BLV, and the presence of replicating BIV suggest that BIV infection may have predisposed the calf to the development of lymphosarcoma. Case studies or experiments on larger numbers of animals will be necessary to prove or disprove a causal relationship; however, this case does raise the possibility that some cases of atypical bovine lymphosarcoma may be associated with BIV infection.
